Fast and accurate detection of foot-and-mouth disease (FMD) outbreaks is needed to limit spread of the disease by proper vaccination. The use of the polymerase chain reaction (PCR) has revolutionized the way in which viral diseases are diagnosed. Sequence analysis of the amplified VP1 sequence can enable the classification of FMD virus detected in the morbid animal. PCR assays were carried out to identify the virus and its serotype in suspect animals from 2 outbreaks of FMD type O virus. Sequence analysis of the amplified VP1 cDNA showed 78% homology with O1K and over 95% homology between the samples. These findings suggest that the 2 outbreaks were due to infection with the same virus serosubtype.
Foot-and-mouth disease virus (FMDV) is one of the most dangerous viruses of ruminants. The speed with which it spreads and its ability to change its antigenic identity makes it very threatening to the beef and dairy industries of many countries. There are 7 different virus serotypes that do not cross-react antigenically; these are the results of mutations within the VP1 gene (changes in nucleotide sequences 4, 9, 15 ). Each serotype consists of many subtypes, about 80 total. 2 The virus belongs to the genus Aphthovirus in the family Picornaviridae. The virus genome is an 8.5-kilobase (kb) single strand of RNA in the plus orientation, carrying a poly A tract at its 3' end and a viral genome protein (VPg) at its 5' end. 3, 6 The virion, an icosahedral capsid, consists of 60 copies of each of the four proteins, VP1-4, of which VP1 is the main protein determining antigenic identity. 1, 10 The differences in VP1 sequences are the basis for developing reverse transcriptase polymerase chain reaction (RT-PCR) tests to identify different serotypes. 12, 14 These RT-PCR tests are based on differences in VP1 gene sequences among the many virus serotypes. Using methods developed previously, 14 2 outbreaks of infection with FMDV O serotype were diagnosed in Israel. In addition, the amplified VP1 segments were sequenced, showing that the outbreaks were caused by the same virus subtype that was first isolated in Oman in 1989.
according to the manufacturer's instructions. VP1 primers are shown in Table 1 , and RT-PCR conditions were as previously described.
14 Following PCR, amplified VP1 fragments were electrophoresed on 1.5% low-melting-point agarose and extracted as previously described. 13 The isolated fragments were sequenced using an automatic sequencer b with one of the PCR primers as the sequencing primer, and computer sequence analysis was done. c
Results
PCR amplification of FMDV. Two samples from suspected FMDV-infected cattle were tested by PCR for the presence of virus and to determine its serotype. Following RNA extraction, RT-PCR was performed. 14 The first sample of tongue epithelium, which arrived from South Lebanon in 1992, was infected with O type FMDV ( Fig. 1A) . A 1-kb-pair (kbp) fragment of the expected size for the polymerase gene 7 is evident in the reaction with primers 7/9 in lane 1 of Fig. 1A . To identify the virus serotype, 3 additional reactions were performed using serotype-specific primers. A band of 326 base pairs is visible in the reaction with primers targeted to the O serotype VP1 gene (Fig. 1A , lane 2). No DNA products were observed in reactions with the primers designed to detect A and Asia1 serotypes ( Fig.  1A , lanes 3 and 4, respectively). When RNA from healthy cattle was tested, no DNA product was observed in any of the 4 reactions ( Fig. 1A , lanes 5-8).
Material and methods
The positive control, a reaction with RNA extracted RNA from epithelial and probang samples, taken from from O1D (Dalton) infected baby hamster kidney cells suspect animals, was extracted using Tri reagent solution a and primers 7/9 for the polymerase gene, produced the expected 1-kbp fragment. The same serotype was found in a second sample received from a beef herd from 1), and no DNA was seen in the A and Asia1 serotype (Fig. 1B, lanes 3 and 4, respectively) . Lanes basis of PCR diagnosis. All the findings were supported 5-8 in Fig. 1B 
represent negative controls (RNA ex-by complement fixation inhibition and virus neutraltracted from uninfected cattle) and positive controls ization tests. (RNA extracted from 01D infected cells using primers
Sequencing amplified VP1 gene cDNA. Sequencing for detecting O type virus). This incident, in which half and comparing new VP1 genes with known VP1 seof the herd was affected by the disease, was the first to quences may become the most reliable way to establish be reported by the Office International des Epizootis virus subtypes. To test this approach, each of the am-(OIE) disease information report (vol. 5, p. 21) on the plified VP1 sequences was extracted from low-melting-point agarose gel and sequenced. The 2 fragments show over 95% base homology (Fig. 2) . When compared with O1K (Kaufbeuren) VP1 they exhibit 78% base homology. The deduced amino acid sequences of the 2 isolates are almost identical except for the unknown amino acid at position 194 in O1S (Snir) (Fig. 3) . The difference between the 2 isolates and O1K lies in the main VP1 antigenic domain on each side of the highly conserved arginine-glycine-aspartate sequence. 3 Changes in amino acid sequence in this region are most probably responsible for the subtype antigenic identity of the isolates. All the data presented here strongly suggest that the 2 events originated from the same virus subtype of the O serotype.
A comparison study in Pirbright laboratory using a FMDV sequence data base (unpublished data) suggests that the isolated viruses most resemble the virus first detected in an outbreak in Oman in 1989. 
Discussion
This report is the first to demonstrate the application of PCR to diagnose outbreaks of foot-and-mouth disease in cattle herds. Systems for detecting FMDV by PCR have been developed in various laboratories around the world. 7, 8, 11 There are also reports on determining FMDV serotype by PCR, but there are none on the applications of the tests to detect disease outbreaks.
We used PCR along with sequence analysis of the amplified VP1 variable region to detect and type the infecting virus. In testing samples from 2 outbreaks, only primers directed to the O serotype gave positive results, showing that a virus of the O type was responsible for both outbreaks. Serologic assays such as complement fixation or virus neutralization corroborated the hypothesis of an O serotype infection. These findings strengthen our confidence in the primers designed to identify virus serotypes. Two additional epithelial tissue samples were received and found by PCR and serologic tests to be negative for the presence of FMDV.
Although virus serotypes can be identified using PCR, virus subtypes cannot. It would be a formidable task to subtype each isolate by PCR because of their large number and the possible appearance of novel subtypes. To reveal the subtype, we sequenced the amplified VP1 fragment containing the variable gene sequences, thus determining its immunologic identity. The 2 sequences showed over 95% homology (Fig. 2 ), suggesting very strongly that both outbreaks were initiated by an O serotype virus of the same subtype, which may be enzootic in this region. When compared with other VP1 sequences, the isolates clearly grouped within the O serotype, confirming the PCR finding. The sequences of the 2 isolates matched the virus subtype first isolated in Oman in 1989, which was analyzed at the OIE World Reference Laboratory, Pirbright, England. The combination of PCR and sequencing of the VP1 gene to detect and analyze FMDV in disease outbreaks is fast (6 hours for PCR and 24 hours for sequencing), and it can give an accurate immunologic characterization of the virus, thus providing a rational basis for choice of vaccine. 
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